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Description 

This invention relates to a method and apparatus for measuring the electrical conductivity of a liquid, or 
the concentration of a solution, by using electromagnetic Induction. 
5 It is known to measure the conductivity of a liquid by electromagnsttcally inducing an AC cun-ent in the 

liquid and measuring that current by converting It Into a voltage signal. When the liquid is a solution the con- 
centration of the solution can be determined from the measured conductivity. 

As shown, for example, in USP 3,603.873 and JP 54-34632 (Utility Model), It is usual to use a pair of trans- 
formers, one called excitaion transformer and the other called detection transformer, each of which has an an- 
10 nuiar core. In an insulated state the two transformers are immersed in the liquid such that the aeoondary side 
of the excitation transformer is electromagnetically coupled with the primary side of the detection transformer 
by a looping path or coil of the liquid which passes through the center holes of the two annular transfomiers. 
In other words, a liquid coupling coll intersects the two annular transformers. When an AC voltage is applied 
to the primary winding of the excitation transformer an AC current Is Induced in the liquid coupling coil, and 
15 the intensity of this current is proportional to the conductivity of the liquid. 

In principle the cunrent in the liquid and hence the conductivity of the liquid can be measured by measuring 
an AC voltage across the secondary winding of the detection transformer. Actually, however, the accuracy of 
measurement by this method is restricted by the magnetic and some other characteristics of the detection 
transformer core so that an error of about 1 % or more is inevitable. ; 
20 To reduce the Inf lue nee of the characteristics of the detection transfonner on the accuracy of measurement 
it is possible to employ a null-balance method (auto-balance method). For this method, a compensation winding 
is wound on the detection transformer core In a direction chosen so as to negate a magnetic flux produced by 
the flow of a current in tiie aforementioned liquid coupling coll. and a variable resistor Is connected to the conv 
pensation coiL Based on an enror signal representative of a current that flows in the secondary winding of the 
26 detection transformer, a servomotor is driven to vary the resistance of the variable resistor thereby to vary a 
cunrent flowing in the compensation winding such that the error signal approaches zero. When the enor signal 
reaches zero the current flowing in the liquid coupling coil can be detarmlned by reading the resistance of the 
variable resistor. 

However, this null-balance method has inherent disadvantages. Since the apparatus has mechanically 
30 movable parts It is necessary to use a high-output amplifier, and the apparatus becomes costly and relatively 
short in service life. When the variable resistor is a wire wound resistor having a movable contact in contact 
with the wound wire H Is Impossible to really continuously vary the resistance, so that a limit is placed on the 
resolution of the measuring apparatus. Furthennore. since the wound wire of the resistor constitutes a coll 
and acts as an inductance element the aforementioned error signal Includes a reactive cun-ent with a phase 
36 delay of 90 degrees, and therefore the null point becomes obscure. For these reasons errors In measurement 
reach ±3% or more. 

Besides, there are some problems about the durability and stability of the sensing part of a conductWity 
measuring apparatus of the electromagnetic induction type. In conventional apparatus of this type It is usual 
to confine the two annular transfomners in an insulating body which is to be immersed in a liquid to measure 

40 the conductivity of the liquid. The body is f6rmed with a cross-sectionally annular chamber In which the two 
transformers are received in a coaxial and parallel arrangement and has holes to provide the aforementioned 
liquid coupling coil. The material of the body Is selected according to the properties of liquids which are the 
objects of measurement Synthetic resins excellent in chemical resistance, such as' hard polyvinyl chloride, 
heat-resistant polyethylene and polytrifluoroelhylene are selectively used according to the required degree of 

45 heat resistance. A superior material is a copolymer of tetraf luoroethyiene and perf luoroalkylvlnyi ether (abbri- 
ated to PFA) which is excellent In heat resistance and also in moldability and machinability. 

However, in the case of measuring the conductivity of a very cormslve liquid such as a hydrofluoric.acld 
solution there Is a problem about the durability of the sensor part of the measuring apparatus even though 
PFA is used as the body material. Although the cross-sectionally annular chamber In the body is alrtlghtly 

60 closed the chamber is defined by relatwely thin walls, and the highly corrosh^e vapor of hydrofluoric acid can 
permeate the relatively thin watts and intrude into the chamber. Therefore, the windings and cores of the two 
transfonmers In the chamber and the leads extending from the transformers are gradually corroded, and In 
about 1 to 3 months the sensing part Is liable to exhibit a serious change in Its characteristics in most cases 
by reason of increased contact resistances. In an extreme case the sensing part falls by wire breaking. 

55 Usually the annular cores of the two transformers are made of a magnetically hlgh-pernieabillty alloy called 
permalloy with the intention of reducing the size and decreasing the iron loss. To secure the annular transfor- 
mers in the cross-sectionally annular chamber In the body of the sensing part it is usual to make the outer and 
inner diameters of the transformers such that the respective transformers make tight contact with the radially 
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outer and inner walls of the channber. However, in our view this manner of securing is not favorable for the sta- 
bility of the output characteristic of the sensing part 

It is an object of the present invention to provide an improved method for very accurately measuring the 
electrical conductivity of a liquid by the electromagnetic Induction method. 
5 It is another object of the invention to provide an apparatus for measuring the electrical conductivity of a 
liquid by the method according to the Invention without using mechanically movable parts. 

It is a further object of the invention to provide an Improved construction of the sensing part of an apparatus 
according to the invention to enhance durability and stability. 

The present Invention provides a method of measuring the electrical conductivity of a liquid, which has 

10 the steps of immersing an insulated combination of a first transformer having an annular core, a second trans- 
former having an annular core and a compensation coil which Is wound on the core of the second transformer 
in the I iquid s uch that the secondary side of the first transformer and the primary side of the second transformer 
are electromagneticaliy coupled by a coil of the liquid which passes through the center holes of the first and 
second transformers, applying an AC voltage to the primary winding of thef Irsttransformertocause an induced 

IS cun-ent to flow in the liquid coll, maidng a compensation current flow in the compensation winding which is 
wound in a direction chosen so as to negate magnetic flux produced by the induced current by the flow of the 
compensation current, producing an AC signal representative of the output of the second transformer on the 
secondary side thereof, adjusting the compensation cun^nt based on that signal such that the signal approach- 
es null and measuring the compensation current when the signal reaches null. The method according to ^he 

20 invention is characterized in that a photoconductive device of which the resistance varies according to the quan- 
tity of light Incident thereon is connected to the compensation winding such that the compensation current va- 
ries as the resistance of the photoconductive device varies, that a light-emitting device Is provided so as to 
emit light toward said photoconductive device and that a voltage to drive the Hght-emltting device Is controlled 
based on the phase and magnitude of the aforementioned signal. 

26 The conductivity measuring method according to the Invention Is an autobalancing null-balance method, 
and the principal feature of the invention is to directiy measure a current that flows in the compensation winding 
by using a combination of a light-emitting device and a photo-conductive device instead of measuring a mech- 
anical displacement as an indication of the current in question, it is suitable to use a combination of a light- 
emitting diode and a non-polar photoconductive device such as CdS call, CdSe cell era photoconductive MOS 

30 field-effect transistor (FET). 

In a null-balance method in which a compensation current is to be noeasured it is usual to use a variable 
resistor. To measure the conductivity K of a liquid arbitrarily chosen from various idnds of liquids ranging from 
0 (zero) to K^ax in conductivity by such a null-balance method It Is necessary that the resistance R of the va- 
riable resistor is freely adjustable over the range f ram od (infinity) to corresponding to K«a» but conventional 

35 variable resistors such as wire wound resistors do not exactly meet this requlremenL When, for example, a 
CdS ceil is used as the variable resistor in combination with a light-emitting diode the resistance R of the CdS 
cell becomes accurately in Inverse proportion to the quanlty of light emitted by the light-emitting diode, and 
the resistance is easily variable over the range from « to Rj^n which Is necessary for measuring conductivities 
ranging from 0 to Kto«. 

40 A non-polar photoconductive device used in the present invention exhibits a stepless and really continuous 
chance in resistance. Therefora, a conductivity measuring apparatus according to the Invention has infinite 
resolution. The photoconductive device does not produce Inductance or capacitance and can be regarded as 
a pure resistance element, and hence the null point in the null-balance method nev^r becomes obscure. Be- 
sides, when an AC voltage Is used the photoconductive device is very low in waveform distortton (in the case 

45 of CdS cell, waveform distortion is less than 0.006% over the range from 20 Hz to 10 KHz), so that there is 
littie possibility of the intrusion of an enror current attributed to distorted waves. In this invention no mechan- 
ically movable part Is used to vary the resistance of the photoconductive device, and the photoconductive de- 
vice Itself is very small in Inertia and makes a high-speed response to a change in the quantity of light incident 
thereon. 

so By virtue of the above described matters the conductivity measuring method or apparatus according to 
the invention ts remarkably high in the accuracy of measurement and very good in controllability. By the in- 
vention, errore in measurement can be made less than ±0.1 %. Besides, an apparatus acooiding to the Invention 
can be produced at relatively low cost 

in another aspect the invention provides an apparatus for measuring the conductivity of a liqukl, the ap- 

55 paratus including (A) a sensing part which Is to be Immereed in the liquid and has an Insulated oombinatton 
of a f iret transformer having an annular core, a second transfonfner having an annular core and a compensation 
winding which is wound on the core of the second transformer, the first and second transfomnere being ar- 
ranged such that when an AC voltege Is applied to the primary winding of the flrsttran^onner while the sensing 
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part is in the liquid the secondary part of the first transformer and the prinr^ary part of the second transformer 
are electromagnetically coupled by a coil of the liquid which passes through the center holes of the first and 
second transformers so that an induced current flows in the liquid coil, the compensation coil being wound in 
a direction chosen so as to negate magnetic flux produced by the induced current by making a compensation 

5 current flow in the compensation ooil, and (B) a detecting part having a current supply means for making the 
conH>ensatlon current flow In the compensation coll. a feedback means for producing a signal representative 
of the output of the second transformer on the secondary side thereof, an adjusting means for adjusting the 
compensation current based on the aforementtoned signal such that the signal approaches null and a detection 
means for measuring the compensation current when the signal reaches null The apparatus is characterized 

10 in that the adjusting means comprises a light-emitting device, a control means for controlling a voltage to drive 
the iight-emitting device based on the magnitude of the aforementioned signal and the result of comparison 
of the phase of the signal with a reference phase and a photoconductiva device which is connected to the com- 
pensation coil and arranged so as to receive light emitted by the light-emitting device, the resistance of the 
photoconducttve device being variable according to the quantity of the light 

IS In a preferred embodiment of the apparatus according to the inventton, the sensing part further comprises 
a body which is made of an insulating material The body has an upper end and a lower end and Is fomned, 
with a cross^sectlonally annular chamber which extends from the lower end and tenmlnates at a distance from 
the upper end, a central hole which extends from the lower end In a region radially inside the inner circumfer- 
ence of the cross-sectionally annular chamber and terminates at a distance from the upper end and at least 

20 one through-hole which intersects the central hole without intersecting the aforementioned chamber. The first 
transformer and the second transformer are in a coaxial and parallel arrangement and confined in the cross- 
sectionaliy annular chamber so as to be spaced from the radially outer and inner walls of the chamber The 
body further comprises a closure means for alrtightly dosing the lower end and is further formed with at least 
one gas introducing hole which extends from the upside to a bottom regton of the cross-sectionally annular 

25 chamber without Intersecting the aforementioned through-hole(s) for Introducing a dry and noncorrosive gas 
into the chamber and at least one gas discharging hole which extends from a bottom region of the chamber 
upward to allow the gas to flow out of the chamber. 

Thus, the invention proposes to continuously purge conroslve vapor from the cross-sectionally annular 
chamber in which the annular transformers are placed by circulating a dry and noncorrosive gas such as dry 

30 air or nitrogen gas through the chamber. Needless to mention the purpose of purging the corrosive vapor is to 
prevent corrosion of the transfonmes and leads and to consequently enhance durability of the sensing part of 
the apparatus. For this purpose it Is effective to keep the annular transfbrmers isolated from the radially outer 
and inner walls of the chancer so as to provide clearances for the flow of the aforementioned gas. 

In securing the annular transformers In the cn3s&-sectlonally annular chamber in a plastic body it Is neo- 

35 essary to give consideration to the influences of external force on the output characteristics of the transfomiers. 
With respect to transformers using annular cores made of permalloy, we have found that the output charac- 
teristics are considerably influenced by external force acting in the direction radially of the annular transformers 
and that, in contrast the influence of external force acting in the direction axially of the annular transformers 
is very little. Therefore, the isolation of the annular transformers from the radially outer and Inner walls of the 

40 chamber Is very favorable for stabilization of the output characteristics. According to the invention the two 
transformers are secured in the chamber by pressing them against the bottom of the chamber in the axial di- 
rection. The influence of the pressing load on the output characteristics Is tolerable and can.be further reduced 
by confining each transformer in a suitable casing, / 

The sensith^e part of a conductivity measuring apparatus according to the invention ts'very good in dur- 

45 ability and stability even when the object of measurement Is a highly conroslve Ikfuld such as a hydrofluoric 
acid solution. 

In the accompanying drawings: 

Fig. 1 is a block diagram showing the principle of a conductivity measuring apparatus as an example of 
the invention; 

so Fig. 2 is a block diagram showing a partial modification of the apparatus of Fig. 1; 
Figs. 3 to 5 show three options of the light-sensitive circuit in Fig. 2; 

Fig. 6 is a partially cutaway, longitudinal sectional view of a preferred embodiment of the sensing part of 
a conductivity measuring apparatus according to the Invention; / 
Fig. 7 is a fragmentary lllustratkm showing a sectbn taken along the \ine 7-7 in Fig; 6; 
55 Fig. 8 Is a perspective view of a reinforcing ring used in the sensing part of Fig. 6, 
Fig. 9 is a perspective view of a ild member used in the sensing part of Fig. 6; 
Fig. 10 is a diagram for explanation of a load test on a transformer core for use \(\ the invention; and 
Figs. 11 and 12 show two different manners of applying a load to the transfomDer core in Fig. 10. 
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Fig. 1 1llustrates an example of the conductivity measuring apparatus according to the invention. Asensing 
part 1 0 of the apparatus includes an excitation transformer 14 having an annular core 16 on which a primary 
winding 18 and another winding 20 are wound and a detection transformer 24 having an annular core 26 on 
which a winding 28 and a secondary winding 30 are wound. The primary winding 18 of the transformer 14 is 

5 connected to an AC voltage source 22 stable in the amplitude of output, such as a constant-voltage AC oscil- 
lator. The two transfomiers 14 and 24 are confined In a suitably designed body (not shown) of the sensing 
part 10 at a short distance from each other. Usually the annular cores 16 and 26 of the two trensformere are 
arranged ooaxtally parallel to each other. The body of the sensing part Is formed with apertures such that when 
the body is Immersed In a liquid of which the conductivity is to be measured a looping path of the liquid is fomed 

10 through the center holes of the two annular cores 16, 26. The looping liquid path constitutes a liquid coupling 
coil 32 having a resistance R.. 

The winding 28 of the detection transformer 24 is wound on the secondary side. The winding 30. which is 
called compensation winding, is wound such that a current U flowing in this winding 30 can negate a magnetic 
flux produced by the flow of a current I. In the liquid coupling coil 32. 

IS Besides the sensing part 10 and the AC oscillator 22. the apparatus has alight-emitting device42. an error 
signal amplifier 36 to amplify a signal representative of a current flowing in the winding 28 of the detection 
transformer 24, a phase comparator 38 to which the output of the amplifier 36 and the output of the AC oscillator 
22 are inputted, a controller 40 such as an integrator which utilizes the output of the phase comparator 38 and 
controls a voltage applied to the light-emitting device 42, a photoconductlve device 44 which Is positioned^so 

20 as to receive the light emitted from the device 42 and connected to the compensation winding 30 In the sensing 
part 10, a cunrent detecting circuit 46 to measure the cunrent 1^ flowing through the winding 30 and the photo- 
conductive device 44 and a changeover switch 50 to selecth^ely connect the winding 30 to the AC oscillator 
22 or to the secondary winding 20 of the excitation transformer 14. These components are placed in a control 
box (not shown). 

25 It is preferable to use a light-emlttlng diode as the light-emitting device 42, though it is also possible to 
use a different device, e.g. a tungsten lamp, which varies the quantity of emitting light in proportion to the mag- 
nitude of the applied voltage or cunrent 

The photoconductlve device 44 Is required to be a nonpolar device of which the resistance continuously 
varies according to the quantity of light Incident thereon. It is preferable to use a CdS celj or a CdSe cell be- 

30 cause, in combination with a light-emitUng diode, such a photoconductlve cell is very low In waveform distor- 
tion. It is also possible to use a phototransitor such as a photoconductlve MOS FET, though the accuracy of 
measurement of conductivity somewhat lowers because of relatively large distortion of waveform. This exam- 
ple of the invention used a photocoupier in which a light-emitting diode and a CdS cell are integrated. 

When the changeover switch 60 selects contact 50a to direcUy connect the compensation winding 30 to 

3S the AC voltage source 22, the operation of the apparatus of Fig. 1 1s as follows. 

The output voltage of the constant-voltage AC oscillator 22 Is E; the number of turns of the winding 18 of 
the transformer 16 Is N,; and the conductance of the sample liquid Is K (product of the reciprocal of the resis- 
tance Re of the liquid coupling coll 32 by a cell constant of the sensing part 10). A current l^ that is Induced In 
the liquid coupling coil 32 Is given by the following equation. That Is, the cun-ent I, Is proportional to the con- 

40 ducth^ty of the sample liquid. 

1. = E.K/(a.N,) (1) 

where a is the cell constant 

in the compensation winding 30 of which the number of turns is Nlj, current I© fiows so as to negate the 
magnetic flux produced by the current 1,. The photoconductlve cell 44 has a variable resistance R. Therefore, 
46 1^ = BJR. The resistance R is adjusted so as to render the current k equal to \JUz thereby to establish an equi- 
librium. In the equilibrium state current l|, that flows In the secondary winding 28 of the transformer 24 is null, 
so that the output of the error signal amplifier 36 Is null. In this state the current U Is directly proportional to 
the conductivity of the sample liquid so that the conductivity can be detemilned by measuring the current Ic 
with the detection circuit 4a 

so If the conductivity of the sample liquid Increases, for example, by reason of an Inaease In the concentration 
of a solute the detection transformer 24 loses its equilibrium, so that an imbalance cunrent lb flows in the winding 
28. It, = (I, - NylJ/Nj, where is the number of turns of the winding 28. A signal representative of the inv 
balance current 1^ Is amplified by the amplifier 36, and the comparator 38 makes phase comparison of the am- 
plified signal with the.output of the AC voltagle oscillator 22 to provide a positive signal to the controller 40 

55 when the two signals are In-phase and a negative signal in the case of opposite phases. In the apparatus of 
Fig. 1 the comparator 38 outputs a positive signal which is proportional to the imbalance cunent i^^ 

To control a voltage Ep to be applied to the iight-emitting device 42 the controller, 40 makes an arithmetic 
operation represented by the following equation at predetermined time Intervals. . 
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Ep = AH-Jlbdt + Ep. , 

where A is a coefficient of conversion to voltage, T Is the integration time, and Ep. i is the result of the last ar- 
ithmetic operation. 

By application of the voltage Ep the light-emitting device 42 emits light the quantity of which is proportional 
5 to the magnitude of the voltage Ep, The controller 40 repeats the aforementioned arithmetic operation at short 
time intervals such as, for example, 0.1 sec to replace the lastly computed voltage magnitude Ep. i by a newly 
computed voltage magnitude Ep and output the voltage Ep at each repetition. When the signal representative 
of the imbalance current l|> and the output of the AC oscillator 22 are in-phase, l.e. In the present example, the 
value of A/T/lbdt is positive, so that the output voltage Ep of the controller 40 gradually increases. In the case 
10 of opposite phases the value of A/T/lbdt Is negative, so that the output voltage Ep gradually decreases. 

The light emitted by the light-emitting device 42 Is incident on the photoconductlve device 44, whereby 
the resistance R of the photoconductlve device 44 varies In inverse proportion to the quantity of light Therefore , 
the current U ( = E/R) flowing in the compensation winding 30 varies toward the equilibrium value IJH^, where 
i. is proportional to the conductivity of the sample liquid. In this example the quantity of light emitted by the 
15 light-emitting device 42 is larder than that in the last equilibrium state, and the resistance R of the photocon- 
ductlve device 44 decreases in inverse proportion to the quantity of light Therefore, the compensation cunrenj 
l« increases when the conductivity of the sample liquid increases. The increase In the cun-ent Ic automatically 
follows the Increase in the conductivity until an equilibrium is reached. 

With an apparatus of the type shown in Fig. 1 , it is possible to measure the concentration of 65% hydro- 
20 fluoric acid solution with high accuracy less than 0.1 % in error, and as a conductivity sensor the same appa- 
ratus is excellent in linearity: deviations are less than ±0.02%. 

Fig. 2 shows another example of apparatus according to the invention. In the apparatus of Fig. 1 the pho- 
toconductlve device 44 is connected between and in series with the compensation winding 30 and the current 
detecting circuit 46 In order to directly control the current 1^ flowing In the winding 30. In the apparatus of Fig. 
25 2, a current limiting resistance 52 is connected between and in series with the winding 30 and the circuit 46, 
and a light-sensitive circuit 54 including a photoconductlve device is Inserted between the coll 30 and the AC 
voltage source 22. In this case the current lo is controlled by controlling a voltage applied to the winding 30. 
The construction of the light-sensitive circuit 54 may be any of three options shown in Figs. 3, 4 and 6, respec- 
tively. 

30 In the circuit 54 of Fig. 3. the photoconductlve device 44 and a f bced resistance 56 constitute a voltage 
divider. The circuit 54 of Fig. 4 is analogous to that of Fig. 3 except the reversed arrangement of the photocon- 
ductlve device 44 and the resistance 56. The arrangement of Fig, 4 Is rather advantageous over that of Fig. 3 
because in the case of Fig. 3 the lower boundary of the range of measurable conductivities becomes higher 
since the mlmlmum resistance of the photoconducth/e device 44 cannot arbitrarily be reduced. However, even 

35 when the anrangement of Fig. 3 Is employed the apparatus of Fig. 2 Is superior to conventional conjluctlvity 
sensors of the electromagnetic Induction type. The circuit 64 of Fig. 5 has a second photoconductlve device 
44' in place of the fixed resistance 56 in Fig. 4. In the case of employing the circuit 54 of Fig. 5 the apparatus 
of Fig. 2 Is supplemented with another light-emitting device (not shown) in combination with the second pho- 
toconductlve device 44', and an arithmetic unit (not shown) is connected to the controller 40 in order to operate 

40 the additional light-emitting device by computing the difference between the maximum of tho control current 
(Pm«) for the llght-emltting device and the output cun-ent (P) of the control circuit. ?^ - R In this case the 
resistance R' of the second photoconductlve device 44' Is varied Invereely to the resistance R of the first pho- 
tooonductive device 44. / 

As to the changeover switch 50 In the apparatus of Fig. 1 or Fig. 2, usually It Is preferable to select the 

45 contact 50a to directly use the AC oscillator 22 as the voltage source for the compensation winding 30. though 
it is also possible to select the contact 50b to use the winding 20 of the excitation transformer 14 as the voltage 
source. If a separate AC oscillator (not shown) is employed as the voltage source for the compensation winding 
30 the winding 20 and the changeover switch 50 can be omitted. 

As the phase comparator 38 it is possible to use an ordinary phase comparator, and it Is also possible to 

50 use a different device such as a multiplier. 

The controller 40 may be of any type insofar as it is capable of producing a signal for controlling the drive 
current of the light-emitting device 42 based on the magnitude and phase of the signal reprasentatlve of the 
imbalance cunrent 1^ and adjusting the level of the output current according to the response speed and some 
other characteristics of the light-emitting device 42 and the photoconductlve device 44. For example,, an inte- 

55 grator or PID controller or a microcomputer can be used. 

As noentioned hereinbefore the present Invention includes improvements In the mechanical construction 
of the sensing part 10 of the conductivity measuring apparatus. In this respect Figs. 6?9 show a preferred em- 
bodiment of the inventioa 
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The sensing part 10 has a generally cylindrical body 70 which is niade of an insulating nrwterlal such as. 
for example, PFA. From one end of the body 70 an axial center hole 71 extends in a relatively long portion of 
the body and tennninates at some distance from the opposite end, and a screw thread is formed on the Inner 
cylindrical surface defining the hole 71. To f be the body 70 to a flange 80 having a thfxiugh-hole in the center, 
5 a support pipe 82 formed with a screw thread on the outer surface is fitted into the through-hole of the flange 
80 and f bead by welding, and the body 70 is screwed on the support pipe 82. The flange 80 has bolt holes 81 
for attachment to a liquid container. Usually the flange 80 and the support pipe 82 are made of stainless steel. 
From the opposite end the body 70 is fonmed with a cross-sectionally annular hole 72 and an axial center hole 
73. The holes 72 and 73 terminate at a distance from the bottom of the aforementioned hole 71. That Is, the 

10 body 70 is in the shape of a double tube only in an end portion remote from the flange 80, and there is a solid 
portion between this end portion and the opposite portion formed with the center hole 71. 

As can be seen in the sectional view In Fig. 7, two radial through-holes 74 are formed In the solid portion 
of the body 70 so as to cross each other and perpendicularly Intersect the bottom portion of the axial center 
hole 73. Besides, a plurality of gas Introducing holes 76 and a plurality of gas discharging holes 76 extend 

IS through the solid portion of the body 70 from the bottom of the hole 71 to the bottom of the cross-sectionally 
annular hole 72. Both the holes 76 and the holes 78 are distributed over the cross sections of the body so as 
to pass through each of the four sectors divided by the two crossing through-holes 74. In this embodiment the 
gas Introducing holes 76 are at relatively short distances from the center axis of the body 70, whereas the gas 
discharging holes 78 are at relatively short distances from the radially outer surface of the body 70. 

20 The Cfoss-sectionally annular hole 72 of the body 70 receives the annular excitation transformer 14 and 
the annular detection transformer 24 in a coaxial and parallel arrangement The two transformers 14, 24 are 
approximately similar in outer and inner diameters, and the annular hole 72 allows a clearance of about 1-2 
mm between the radially outer side of each transfomier 14, 24 and the outer cylindrical wall of the hole 72 and 
a similar clearance between the radially inner side of each transformer 14, 24 and the Inner cylindrical wall of 

25 the hole 72. The excitation transfonmer 14 Is sandwiched between two annular packings 84, 84', and the de- 
tection transformer 24 is sandwiched between two annular packings 88, 88'. These packings are made of an 
elastic material such as a fluorine rubber. Besides, a reinforcing ring 86 is interposed between the two trans- 
formers 14 and 24. As shown In Fig. 8 the reinforcing ring 86 has a plurality of cuts in the radially outer edge 
so as to form superficial gear teeth of a gear wheel and a plurality of cuts 87' in the radlaljy inner edge so as 

30 to form superficial gear teeth. The outer and inner diameters of the reinforcing ring 86 are such that the ring 
66 slldabiy fits in the cross-sectionally annular hole 72. Alternative to the illustrated cuts 87 and 87% the rein- 
forcing ring 86 may be formed with a plurality of through-holes (not shown) in radially outer and Inner peripheral 
regions. 

At the end of the body 70 the cioss-sectk>nally annular hole 72 is closed by a ring-like retaining lid 90, 
35 which Is alrtightly and forcibly fitted into the hole 72 In order to apply a load on the transfomiere 14 and 24 in 
the axial direction. As shown in Fig, 9 the inside surface of the lid 90 is fonmed with annular grooves 91 and 
91' around the radially outer and inner circumferences and a plurality of radial grooves 92 connecting the two 
annular grooves 91 and 91'. It is optional to form radial through-holes (not shown) connecting the two annular 
grooves 91 , 91 ' as an alternative to the grooves 92. 
40 Usually the annular cores of the transformere 14, 24 are made of permalloy. For the windings of the trans- 
formers It Is preferable to use a wire covered with a fluororesin for the purpose of enhancing corroston resis- 
tance. 

A connector box 100 is fixed to the top surface of the flange 80. A terminal board 102 is fixed to the inside 
of the box 100. and leads 104 which extend from the transformers 14 and 24 in the body 70 through some of 

45 the gas discharging holes 78 and the support pipe 82 are soldered to the terminals of the board 102. Preferably 
the leads 104 are sufficiently thick wires covered with a fluororesin. Through a hole 106 in the box 100, cables 
(not shown) extend from the terminal board 102 to an AC voltage source and the control and detection oono- 
ponents shown In Fig. 1 or Fig. 2. 

A socket 108 is fitted in the side wall of the box 100, and the socket 108 is connected to a source of dry 

so air or nitrogen gas by a pipe (not shown). In the box 1 00 a plurality of tubes 110 are connected to the socket 
108 by using packings (not shown) and a cap nut 11Z The tubes 110 extend into the body 70 through the sup- 
port pipe 82 and respectively enter the gas introducing holes 76 of the boty 70. Another socket 11 6 Is fitted In 
the side wall of the box 100. and a pipe (not shown) extends from this socket 116 to a gas cleaning apparatus 
(not shown). The box 100 has a lid 114. 

55 in measuring the conductivity of a liquki the body 70 of the sensing part 10 is immeraed in the liquU. Then 

the center hole 73 and the two crossing through-holes 74 are filled with the ItqukJ. Since each of the through- 
holes 74 joins the center hole 73, there is produced a looping path of the liquid which passes through the center 
holes of the two annular transfbnners 14, 24 in the parallel arrangement The looping path of the liquid corre- 
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sponds to the liquid coupling coil 32 in Fig. 1. 

While the body 70 is innmersed In the liquid, dry air having a dew point of about -50°C (by way of example) 
is continuously introduced into the cross-sectionaliy annular hole 72 in the body 70 through the tubes 110 ex- 
tending from the socket 1 08 and the gas introducing holes 76. For example, the feed rate of dry air is several 

5 liters per minute, in the hole 72 the dry airflows through the clearance between each transformer 14, 24 and 
the radially inner wall of the hole 72 and the cuts 87' in the radially inner edge of the reinforcing ring 86. At the 
end of the hole 72 the grooves 91', 92, 91 of the lid 90 allow the dry air to enter the clearance between the 
transformer 24 and the radially outer wall of the hole 72. The dry air continues to flow through the cuts 87 in 
the radially outer edge of the ring 86 and the clearance between the transformer 14 and the radially outer wall 

10 of the hole 72 and into the box 100 through the gas discharging holes 78 in the body 70. When the liquid is a 
highly corrosive liquid such as a hydrofluoric acid solution there is a possibility that a corrosive vapor enters 
the hole 72 in the body 70 by permeating the lid 90 or the relatively thin wall of the body 70 in the portion formed 
with the hole 72, but the corrosive vapor is diluted and carried away by the dry air flowing through the hole 
72. Therefore, a dry and dean environment can be maintained around the transformers 14, 24, so that the 

15 transformers are prevented from corroding. The air containing the corrosive vapor is discharged from the box 
1 00 by the socket 116 and passed to a cleaning apparatus for neutralbeation and/or absorptksn of the corrosive 
substance. 

In the body 70 the reinforcing ring 86, which is In contact with the radially outer and inner walls of the cross- 
sectionally annular hole 72, serves the purpose of preventing the relatively thin walls of the body 70 in the por- 

20 tion formed with the hole 72 from being deformed by the static pressure of the liquid. That is, the reinforcing 
ring 86 stabilizes the shape and dimensions of the most important portion of the body 70 and hence stabilizes 
the cell constant of the sensing part 10. If the tempemtureof the liquid changes, thermal expansion or shrinkage 
of the body 70 develops external force which might act on the transformers 14, 24. However, in the direction 
axially of the transformers 14, 24 the external force is absorbed by the elastic packings 84, 84', 88, 88', and 

25 In the radial directions the external force does not act on the transformers 14, 24 since sufficient clearances 
are provided between each transformer and the walls of the hole 72. Therefore, the cores of the transformers 
14, 24 are hardly deformed or distorted by external force, and hence the current Induced In the secondary wind- 
ing of the detection transformer 24 are stable unless the conductivity of the liquid varies. 

To further stabilize the transformers 14, 24 against external force. It Is preferable to confine the core of 

so each transfonner (with windings thereon) In a casing fonned of a suitable resin such as a phenolfonnaldehyde 
resin together with a buffering material such as silicone grease. In this regard, an experiment was conducted 
in the following way. 

Referring to Fig. 1 0, an annular core 120 having an outer diameter of 35 mm, inner diameter of 25 mm and 
thickness of 5 mm was formed by using a permalloy sheet having a thickness of 25 yon, and an excitation wlnd- 

35 ing 122 of one turn was wound on the core 120. A detection winding 124 was wound on the core 120 and con- 
nected to an AC voltmeter 126 to measure the voltage between the two terminals of the winding 124 while a 
predetermined AC current Is flowing In the excltalton winding 122. The magnetomotive force was 3 mAT. Before 
testing, some samples of the core 120 were each confined in a phenol resin casing 38 mm in outer diameter, 
22 mm In Inner diameter and 8.2 mm In thickness by using a silicone grease as a buffering material. 

40 First the measurement was made without applying any load to the core 1 20. Next, the same measurement 
was made while a load was applied to the core 120 In the radial directton or in the axial direction. That Is, in 
one case the core 120 was set upright on a platform 130 as shown In Fig. 11, and in another case the core 
120 was placed fiat on the platform 130 as shown in Fig. 12. In both cases an Insulatiyig block 132 was placed 
on the core 120, and a weight W of 700 g was placed on the insulating block 132! 

46 The influence of the load W on the core 120 was evaluated by measuring a change in the output voltage 
of the detection winding 124. The degree of the output change, D, was determined by the following equation. 

D = (Vo - V,)/VoXlOO(t%) 
where Vq Is the output voltage without load, and Vi is the output voltage under the load W (700 g). 

The results are shown in the following table, wherein the subscript V to D means the application of the 

so load radially of the core 120 (Fig. 11). and the subscript *a" means the application of the load axially of. the 
core (Fig. 12). 
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without casing 



-29.8 



-2.5 



11.9 



5 



with casing 



-0,35 



+ 0. 15 



2.33 



The above experimental results Indicate that the Influence of a load In the direction axlally of the core on 
10 the output of the core is far less than the Influence of a load of the same magnitude on the direction radially 
of the core, and that when the core is confined In a suitable casing the output of the core becomes very stable 
even though a load is applied In the radial direction. 



1 . A method of measuring the electrical conductivity of a liquid, the method having the steps of immersing 
an Insulated combination of a first transfonmer having an annular core, a second transformer having an 
annular core and a compensation winding which is wound on the core of the second transfom^er in the 

20 liquid such that the secondary side of the first transformer and the primary side of the second transformer 

are electromagnettcally coupled by a coll of the liquid which passes through the center holes of the first 
and second transformers, applying an AC voltage to the primary winding of the first transformer to cause 
an induced current to flow In the liquid coil, making a compensation current flow In said compensation 
winding which is wound In a direction chosen so as to negate magnetic flux produced by said Induced 

25 current by the flow of said compensation current, producing an AC signal representative of the output of 
the second transformer on the secondary side thereof, adjusting said compensation current based on said 
signal such that said signal approaches null and measuring said compensation current when said signal 
reaches null. 

characterized in that a photoconductive device of which the resistance varies accoiding to the quan- 
go tity of light incident thereon is connected to said compensation winding such that said compensation cur- 
rent varies as the resistance of the photoconductive device varies, that a llght-emltting device Is provided 
so as to emit light toward said photoconductive device and that a voltage to drwe said llght-emltling device 
is controlled based on the phase and magnitude of said signal 

35 2. An apparatus for measuring the electrical conductivity of a liquid, the apparatus Including (A) a sensing 
part which is to be Immersed in the liquid and has an Insulated combination of a first transfdhner (14) 
having an annular core, a second transformer (24) having an annular core and a compensation winding 
(30) which is wound on the core of the second transformer, the first and second transformers being ar- 
ranged such that when an AC voltage Is applied to the primary winding of the first transfbmier while the 

40 sensing part is in the liquid the secondary part of the first transformer and the primary part of the second 

transfonner are electromagnetically coupled by a coll of the liquid (32) which passesihrough the center 
holes of the first and second transformers so that an Induced cun-ent f lov/s In the liquid coil, said com- 
pensation coll being wound in a direction chosen so as to negate magnetic flux produced by said induced 
current by making a compensation current flow In the compensation coll, and (b) a detecting part having 

45 a current supj^y means for making said compensation current flow in said cbmpensatton coil, a feedback 

means for producing a signal representaUve of the output of the second transformer on the secondary 
side thereof, an adjusting means for adjusting said compensation current based on said signal such that 
saM signal approaches nuU and a detection means (46) for measuring said compensation current when 
said signal reaches null. 

so characterized in that said adjusting means comprising a light-emitting device (42). a control means 

(40) for controlling a voltage to drive said light-emlttlng device based on the nwgnltude of said signal and 
the result of comparison of the phase of said signal with a reference phase and a photoconducth^e device 
(44) which is connected to said compensation coll and arranged so as to receive light emitted by said light- 
emitting device, the resistance of the photoconductive device being variable according to the quantity of 

55 saw light 

3. An apparatus according to Claim 2. wherein said r^ht-emllting device is a light-emitting dioda 



15 Claims 
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4. An apparatus according to Claim 2 or 3, wherein said photoconductive device is a CdS cell. 

5. An apparatus according to Claim 2 or 3, wherein said photoconductive device is a CdSe cell, 

5 6. An apparatus according to Claim 2 or 3, wherein said photoconductive device is a MOS field-effect tran- 
sistor. 

7. An apparatus according to any of Claims 2 to 6, wherein said control means comprises an Integrator. 

8. An apparatus according to any of Qaims 2 to 7, wherein said reference phase is the phase of the AC vol- 
tage applied to the primary winding of said first transfonmer. 

9. An apparatus according to any of Claims 2 to 8. wherein said first and second transformers are in a coaxial 
and parallel arrangement 

IS .1 0. An apparatus according to any of Claims 2 to 9, wherein said sensing part further comprises a t>ody which 
is made of an insulating material and has an upper end and a lower end, said body being formed with a 
cross-sectionally annular chamber which extends from said lower end and terminates at a distance from 
said upper end, a central hole which extends from said lower end in a region radially Inside the inner cir- 
cumference of said cross-sectlonally annular chamber and terminates at a dlstartce from said upper end 

20 and at least one through-hole which Intersects said central hole without intersecting said chamber, said 

first transfonfner and said second transformer being in a coaxial and parallel arrangement and confined 
in said chamber so as to be spaced from the radially outer and inner walls of said chamber, said body 
comprising a closure means for alrtightiy closing said lower end and being further formed with at least 
one gas introducing hole which extends from the upside to a bottom region of said chamber without in- 

25 tersecting said at least one through-hole for introducing a dry and noncorrosive gas into said chamber 

and at least one gas discharging hole which extends from a bottom region of said chamber upward to 
allow said gas to flow out of said chamber. 

11. An apparatus according to Claim 10. wherein said sensing part further comprises a reinforcing ring which 
30 is inserted between said first and second transformers in said chamber such that the radially outer and 

inner edges of the reinforcing ring make contact with the radially outer and inner walls of said chamber, 
respecth/ely. the reinforcing ring being formed with a plurality of openings In a radially outer peripheral 
region and a radially outer inner peripheral region. 

35 12. An apparatus according to Claim 11, wherein said plurality of openings of said reinforcing ring are a plur- 
ality of cuts in the radially outer and inner edges of the ring. 

13. An apparatus according to Claim 11 . wherein each of said plurality of openings of said relnforcirig ring is 
a through-hole. 

^ 14. An apparatus according to any of Claims 10 to 1 3. wherein said dosura means comprises an annular lid 
which makes tight contact with the radially outer and inner walls of said chamber, said lid being fbmied 
with a first annular groove in a radially outer peripheral region of the inside su^ce. a second annular 
groove in a radially inner peripheral region of the inside surface and a plurality of rad'isjl grooves or holes 

^ connecting said first annular groove to said second annular groove, 

15. An apparatus according to Claim 14, wherein said sensing part further comprises a plurality of elastic 
and annular packings which are placed In said chamber for cushioning saW first and second transformers, 
said lid being forced into said chamber so as to press said first and second transformers in the axial di- 
rection against the bottom of said chamber. 

50 

16. An apparatus according to any of Claims 10 to 1 5, wherein the annular cores of said first and second trans- 
formers are made of permalloy. 

17. An apparatus according to any of Qaims 10 to 16, wherein saki body is made of a copolymer of tetra- 
55 fluoroethylene and a perfluoroalkyivinyl ether. 
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Patentanspruche 

1 . Verfahren zur Messung der elektnschen Leitf§higkeit einer FlOssigkeit, wobei das Verfahren die Schritte 
aufwelst des Eintauchens einer Isolierten Komblnatlon eines ersten Transformators m(t einem Ringkern, 

5 eines zweiten Transformators mit einem Ringkern und einer Kompensattonswicklung, die auf den Kern 

des zweiten Transformators gewlckelt ist, in die RQssigkeit derart, daa die SekundSrselte des ersten 
Transformators und die PrimSrseite des zweiten Transformators eiektromagnetisch durch eine Spule der 
Fiussigkeit gakoppeit sind, die durch die ZentrallSctier des ersten und des zweiten Transformators hin- 
durchlfiuft, des Anlegens einer Wechselspannung an die Primarwickiung des ersten Transfonnators. um 

10 zu bewirken, da& ein induzierter Strontflua in der fiussigen Spule fiiellt, der Bewirkung eines Kompen- 

sationsstromflusses in der Kompensationswickiung, die in einer derart gew3hiten Richtung gewickelt ist. 
um den durch den Induzierten Strom erzeugten magnetischen Flu& durch den Ru& des Kompensations- 
stromas zu neutrallsleren. der Erzeugung eines Wechselstramsignals, das reprfisentath/f ur den Ausgang 
des zweiten Transformators an dessen Sekundirseite ist, derEinsteliung des Kompensattonsstromes ba- 

15 sierend auf dam Signal derart. da& das Signal steh dem Wert Null annahert, und der Messung des Konv 
pensationsstromes. wenn das Signal den Wert Null erreicht, 

dadurch gekennzeichnet, da& ein photoleit^htges Gerdt, dessen Wtderstand entsprechend der 
l^enge von darauf einfallenden Lichts varilert, mitder Kompensationswicklung verbunden ist. derart, da(i 
der Kompensationsstrom sich Sndert, wenn sich der Wtderstand des photoleitfShigen GerStes Sndert, da& 

20 ein lichtaussendendes Ger3t vorhanden ist um Licht zu dem photdeUfahigen Gerfit auszusenden, und 

da& eine Spannung zum Antrieb des lichtaussendenden Garates basierend auf der Phase und der Hdhe 
des Signals gesteuert wird. 

2. Vorrichtung zur Messung der elektrischen Leltf3higkeit einer FiOssigkeit, wobei die Vorrichtung aufwelst 
25 (A) ein Erfassungsteil. das in die FlOssigkeit eingetaucht warden soil und das eine isolierte Kombination 

eines ersten Transformators (14) mit einem Ringkern, eines zweiten Transfomiators (24) mit einem Ring- 
kern und einer Kompensationswicklung (30), die auf den Kern des zweiten Transformators gewickelt ist, 
aufweistt wobei die ersten und zweiten Transfonmatoren derart angeordnet sind, da& dann. wenn eine 
Wechselspannung an die Prlm§rwlkklung des ersten Transformators angelegt wird, wShrend das Erfas- 

00 sungsteil sich in der Fiussigkeit bef indet, der Sekundartell des ersten Transformators und der Primarteil 

des zweiten Transformators durch eine Spule von der Fiussigkeit (32), die durch die ZentrallScher der er- 
sten und zweiten Transformatoran hindurchi&uft, eiektromagnetisch gekoppett sind, so da& ein Induzierter 
Strom In der fiussigen Spule fiielit, wobei die Kompensattonsspule in einer derart gewShlten Richtung 
gewickelt ist, um den durch den induzierten Strom erzeugten magnetischen Flu& durch Bewirkung eines 

35 in der Kompensationsspute flie&enden Kompensatlonsstromes zu neutralisieren, und (B) ein Nachweis- 

teil mit einem Stromversorgungsmlttel, um zu bewirken, da& der Kompensationsstrom in der Ko'mpensa- 
tionsspule flie&t. einem Ruckkoppelmlttel zur Erzeugung eines Signals, das f Or den Ausgang des zweiten 
Transfonnators an seiner SekundSrselte reprftsentatlv 1st, einem Einstellmittel zum Einstellen des Kom- 
pensatlonsstromes basierend auf dem Signal derart, dai^ das Signal sich dem Wert Null annShert, und 

40 einem Nachweismittel zum Messen des Kompensatlonsstromes, wenn das Signal den Wert Null errelcht, 

dadurch gekennzeichnet, da& das Einstellmittel umfa^t ein ikshtaussendendes GerSt (42), ein Steu- 
ergerat (40) zur Steuerung einer Spannung zum Antrieb des lichtaussendenden Gerates basierend auf 
der HOhe des Signals und des Ergebnisses des Vergleichs der Phase des Signals mit einer Referenzpha- 
se. und ein photoleitfahiges Gerat (44), das mit der Kompensattonsspule vertAjnclen istund so angeordnet 

45 ist, um das von dem lichtaussendenden Gerfit ausgesandete Ucht zu empfangen, wobei sich der Wider- 

stand des photoleitfShigen GerStes entsprechend der Menge des Llchtes findert 

3. Vonrichtung nach Anspruch 2, In der das lichtaussendende Gerfit eine llchtaussendende Diode IsL 
^ 4. Von-ichtung nach Anspruch 2 Oder 3, in der das photoleitffihige Gerfit eine CdS Zeiie isL 

5. Vorrichtung nach Anspruch 2 Oder 3, In dem das photoleitffihige Gerfit eine CdSe Zelle ist. 

6. Vonlchtung nach Anspruch 2 Oder 3» In der das photoleitffihige Gerfit ein MOS Feld'effekttranslstor Ist 

55 7, Vonrichtung nach einem der Anspruche 2 bis 6, In der das Steuermlttel einen Integrierer umfaQt 

6. Vonlchtung nach eInem der AnsprOche 2 bis 7, in der die Referenzphase die Phase der an die Primfir- 
wickiung des ersten TransfornDStors angelegten Wechselspannung 1st 
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9. Vonrichtung nach einem der AnsprOche 2 bis 8. in der die ersten und zweiten Transformatoren koaxial und 
parailel angaordnet aind. 

10. Vonrichtung nach einem derAnspruche 2 bis 9, in der das Erfassungsteil ferner umfaGl einen Korper, der 
aus einem isolierenden Material besteht und ein oberes und ein unteres Ende besitzt, wobei der Kdrper 
mit einer im Querschnitt ringformigen Kammer ausgebildet ist,.die aich von dem untaren Ende erstreckt 
und unter einem Abstand von dem oberen Ende endet, einem Zentralloch. das sich von dem unteren Ende 
in einem Berelch radial innerhalb des inneren Umfangs derlm Querschnitt ringfCm^lgen Kanuner erstreclct 
und unter einem Abstand von dem oberen Ende endet und zumindest ein Durchtrittsloch, das das Zen- 
tralloch schneldet ohne die Kammer zu achneiden, wobel der erste Transformator und derzwelte Trans- 
fomiator koaxial und parailel angeordnet sind und in der Kammer derart eingefafit sind, da& sie von den 
radial auBeren und inneren WSnden der Kammer beabstandet sind, wobei der K6rper ein VerschluSmittel 
zum luf tdichten VerschlieEen des unteren Endes umfaBt und ferner mil zumindest einem Gaszugabeloch 
ausgebildet ist, das sich von der Oberseite zu einem Bodenberelch der Kammer erstreckt, ohne das zu- 
mindest eine Durchtrittsloch zur Zugabe eines trockenen und nicht korroslven Gases in die Kammer zu 
schnelden, und zumindest ein Gasabla&loch, das sich von einem Bodenberelch der Kammer aufwSrts 
erstreckt, urn dem Gas zu ermdgllchen, aus der Kammer heraus zu fiieQen. 

11. Vorrlchtung nach Anspruch 10. in der das Erfassungsteil ferner umfeBt eInen Verstarkungsring, der zwi- 
schen den ersten und zMrelten Transformatoren in der Kammer derart eingesetzt 1st, daa die radial SuBe- 
ren und inneren Rgnder des Verstarkungsrings einen Kontakt mit jewells den radial fiuBeren und inneren 
WSnden der Kammer biiden, wobel der Verstarkungsring mit eIner Mehrzahl von Of fnungen in einem ra- 
dial 3uBeren Umfangs bereich und einem radial inneren Umfangsberelch ausgebildet isL 

12. Vonrichtung nach Anspruch 11, in der die MehrzahJ von Offnungen des Verstarkungsrings eine Mehrzahl 
von EInschnitten In den radial duOeren und Inneren RSndern des Rings sind. 

13. Voaichtung nach Anspruch 1 1 , In der jede der Mehrzahl von 6f fnungen des Verstarkungsrings ein Durch- 
trittsloch 1st 

14. Vonrichtung nach einem der AnsprOche 10 bis 13, In der das VerschluBmittel umfafit einen rlngfSnmlgen 
Deckel, der einen engen Kontakt mit den radial SuBeren und inneren Wanden der Kammer eingeht, wobel 
der Deckel mit einer ersten ringfarmlgen Rille in einem radial SuBeren Umfangsberelch der inneren Ober- 
fiache und einer zweiten rlngfSrmigen Rille in einem radial inneren Umfangsberek^h der inneren Oberflg- 
che und einer Mehrzahl von radialen Rilien Oder Lfichern ausgebildet Ist die die ersten ringfarmlgen Rlllen 
mh den zweiten ringf&rmlgen Rlllen verblnden. 

15. Vonrichtung nach Anspruch 14. in der das Erfassungsteil ferner eine Mehrzahl von elastischen und ring- 
farmlgen Packungen umfaBt, die In der Kammer zur Polsterung der ersten und zweiten Transfonnatoren 
eingesetzt sind. wobei der Deckel in die Kammer hineingedruckt ist, um die ersten und zweiten Transfor- 
matoren in Axtalrichtung gegen den Boden der Kammer zu pressen. 

16. Vorrlchtung nach einem derAnspruche 1 0 bis 15, in der die Ringkerne und die ersten und zweiten Trans- 
formatoren aus Permalloy gemacht sind. / 

17. Vorrlchtung nach einem der Anspruche 10 bis 16. in der der K6rper aus einem Copolymer von Tetraflu- 
orethylen und einem Perf luoratkyK^ytether gemacht ist 



Revendicattons 

1. Methods de mesure de la oonducthrit6 61ectrique d*un iiquide. la mdthode oomportant les stapes d'inv 
merger une association Isolde d'un premier transformateur ayant un noyau annulaire, d'un second trans- 
formateur ayant un noyau annulaire et d'un enroulement de compensatton qui est enrouI6 sur le noyau 
du second transformateur dans le iiquide de manifere que le c6t6 secondaire du premier transformateur 
et le oat6 primaire du second transfonmateur soient 6lectromagn6tiquement coupl6s par une boude du 
Iiquide qui passe d travers les trous centraux des premier et second transformateurs, d'appllquer une ten- 
sion alternative d I'enroulement primaire du premier transformateur pour forcer un courant induit & s*6cou- 
ler dans la boucle de liqukie. de forcer un courant de compensation k s'6couler'dans ledit enroulement 
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de compensation qui est enroul6 dans une direction cholsle af in d'annuler le flux magn6tlque produit par 
ledit couranl indull par l'6coulement dudtt courant de compensation, de produire un signai en couranl al- 
ternatif reprtsentatif de la sortie du second transformateur d son c6t6 secondatre, d'ajuster ledit courant 
de compensation en se basant sur ledit signal de manldre que iedit signal s*approche de z6ro etde me- 

5 surer ledit courant de compensation quand ledit signal attaint z6ro, 

caract^ria^e en ce qu'un dlspositif photoconducteur dont la resistance varie selon la quantity de 
iumi^re qui lui est Incidente, est connects audit enroulement de compensation de fapon que ledit courant 
de compensation varie tandis que la resistance du dlspositif photoconductsur varie, en ce qu'un disposltif 
phQtD-6metteur est pr6vu af In d'fimettre de la lumldre vera ledit disposltif photoconducteur et en ce qu*une 

10 tension pourattaquer ledit disposltif photo-dmetteur estcontr&lde en se basantsurla phase et ia grandeur 

dudlt signal. 

2. Apparell de mesure de la conductivity 6lectrlque, I'appareil comprenant (A) une partie de captage qui doit 
6treimmerg6e dans le llquide eta une association isol6ed'un premier transformateur (14) ayant un noyau 

IS annulaire. d'un second transfomnateur (24) ayant un noyau annulaire et d'un enroulement de compensa- 

tion (30) qui est enroul6 sur le noyau du second transformateur, les premier et second transformaleurs 
6tant aganc6s de manl^re que lorsqu'une tension alternative est appllqude d Tenroulement primaire du 
premier transformateur alors que la partie de captage est dans le llquide, la partie secondaire du premier 
transfonnateur et (a partie primaire du second transformateur solent 6leclromagn6tiquement coupl^es 

20 par une boude du tlquide (32) qui passe k travers les trous centraux des premier et second transforma- 

teurs de fa^on qu'un courant indult s'6coule dans la boude deliqulde, ladlte boblne de compensation 6tant 
enrouI6e dans une direction cholsie de fapon 6 annuler le flux magn6tique produit par ledit courant enduit 
en pfoduisant un 6coulement de courant de compensation dans ladlte bobine de compensation et (B) une 
partie de detection ayant un moyen d'allmentallon en courant pour forcer ledit courant de compensation 

25 6 s*6couler dans ladlte bobine de compensation, un moyen de contre-r6action pour produire un signal 

repr6sentatif de la sortie du second transformateur & son c6t6 secondaire, un moyen d'ajustement pour 
ajuster iedit courant de compensation en se basant sur ledit signal de manidre que ledit signal s'approche 
de zdro et un moyen de ddtection (46) pour mesurer ledit courant de compensation quand ledit signal at- 
taint z6ro, 

30 caract6ris6 en ce que ledit moyen d'ajustement comprend un disposltif pholo-6metteur (42), un 

moyen de contr61e (40) pour contrOler une tension pour attaquer ledit dlspositif photo6metteur en se ba- 
sant sur la grandeur dudit signal et le r6sultat de la comparaison de la phase dudlt signal avec une phase 
de r6f6rence et un dlspositif photoconducteur (44) qui est connects d ladite bobine de compensation et 
est agenc6 de fagon d recevoir la lumi^re 6mise par ledit dlspositif photo-6metteur, la resistance du dis- 

35 positif photoconducteur etant variable aelon la quantity de tadite lumiere. 

3. Apparell selon la revendtcatlon 2 o£j ledit disposltif photo-enrtetteur est une diode photo-6mettrloe. 

4. Apparell selon la revendlcation 2 ou 3 oO ledit disposUif photoconducteur est une pile en CdS. 

^ 5. Apparell selon la revendication 2 ou 3 oO ledit disposltif photoconducteur est une pile* en CdSe. 

6. Apparell selon la revendication 2 ou 3 ou ledltdispositif photoconducteurest un transistor d ef fet de champ 
MOS. / 

46 7. Apparell selon I'une quelconque des revendlcations 2 d 6 oil) ledit moyen de contrOie comprend un int6- 
grateur* 

8. Apparell selon Tune quelconque des revendlcations 2 e 7 oO ladite phase de reference est la phase de 
ia tension allernatwe appliqu6e ^ Tenroulement primaire dudit premier transformateur 

so 

9. Apparell selon Pune quelconque des revendicatlons 2 d 8 oO tesdits premier et second transformateura 
sent en agenoement coaxial et paralieie. 

10. Apparell selon i'une quelconque des revendicatlons 2 d 9 o£k tadite partie de captage comporte de plus 
un corps qui est fait d*un mat6riau isolant et qui a une extremity sup^rieure et une extremit6 Inf6rieure, 
ledit corps ayant une chambre annulaire en section transversale qui 8*etend de ladite extr6mit6 Inf6rleure 
et se termlne d une certain distance de ladlte extr6mlt6 sup6rleure, un tnou central qui s*6tend de ladlte 
extremity Inferieure dans une region radlalement 6 rint6rieur de la circonf6rence interne de ladite chambre 
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de section transversale annulaire et qui se tannine t une certaine distance de ladite extrdmit^ sup^rieure 
et au moins un trou traversant qui coupe ledit trou central aans oouper ladite chambre, led it premier trans* 
formateur et ledIt second transfomnateur 6tant en agencemant coaxial et paralldle et confines dans ladite 
diambre afin d'etre espacds des parols radialement externe et interne de ladite chambre. ledIt corps 
comprenant un moyen de fermeture pourfenmer herm^tiquement ladite extrdmitd infdrieure et prdsentant 
de plus au moins un trou d*introductton de gaz qui s'^tend du dessus jusqu'^ une region du fond de ladite 
chambre sans couper tedit au moins un trou traversant pour introduire un gaz sec et non corrosif dans 
ladite chambre et au moins un trou d'^vacuation de gaz qui s'^tend d*une region de fond de iadite chambre 
vers le haut pour permettre au gaz de s'^couter hors de iadite chambre. 

11. Appareil selon la revendicatlon 10 oCt ladite partie de captage comporte de plus une bague de mnforce- 
ment qui est ins^r^e entre iesdits premier et second transformateurs dans iadite chambre de manidre que 
les bords radialement externe et interne de la bague de renforoement solent en contact avec les parois 
radialement externe et Interne de ladite chambre, respectivement, la bague de renforoement prSsentant 
un certain nombre d'ouvertures dans une region pdriph^rique radialement externe et une region p6Hph6- 
rlque radialement interne. 

12. AppareN selon la revendication 11 oil lesdites ouvertures de ladite bague de renforoement sont un certain 
nombre de d^coupe dans les bonds radialement externe et Interne de ia bague. 

13. Appareii selon ia revendication 11 oCi chacune desdites ouvertures de ladite bague de renforoement est 
formde d'un trou traversant 

14. Appareil selon Tune quelconque des revendications 10 & 13 ou ledit moyen de fermeture comprend un 
couverde annulaire qui est en contact herm^tique avec les parois radialement externe et interne de iadite 
chambre, iedit couverde pr^sentantune premldre gorge annulaire dans une region p^riph^rique radiale- 
ment externe de la surface int6rieure, une seoonde gorge annulaire dans une region phdrlph^rique ra- 
dialement interne de la surface Int6i1eure et un certain nombre de gorges radiales ou trous reliant ladite 
premiere gorge annulaire k ladite aeoonde gorge annulaire. 

15. Appareil selon la revendication 14 oO ladite partie de captage comporte de plus un certain de nombre de 
garnitures dlastiques et annulaires qui sont plac^ dans ladite chambre pour amortir Iesdits premier et 
second transformateurs* ledit couverde 6tantforc6 dans ladite chambre defa^on d presser iesdits premier 
et second transformateurs en direction axiaie centre te fond de ladite chambre. 

1 6. Appareil selon Tune quelconque des revendications 1 0 d 1 5 oCi tes noyaux annulaires desdits premier et 
second transformateurs sont falts en permalloy. 

17. Appareii selon I'une quelconque des revendications 10 d 16 oO ledit corps est fait d'un copolymi^e.de 
t6trafluoro6thyl6ne et d'un perfluoroalkylvinyl 6ther. 
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FIG. 6 
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